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EXPERIMENTAL  WATERSHEDS  USED  AS  A RESEARCH  TOOL 
BY  THE  FOREST  SERVICE 

by 

Jack  Rothacher 

Experimental  watersheds  are  the  traditional  approach  to  study  of  the 
effect  of  land  treatment  on  streamflow  and  sedimentation.  In  spite 
of  emphasis  on  more  basic  research  and  the  use  of  modern  research 
techniques,  watersheds  still  play  an  important  part  in  the  Forest 
Service's  watershed  management  research  program.  A list  of  over  250 
gaged  watersheds  is  attached,  and  I suspect  even  this  list  is  incom- 
plete , 

As  can  be  inferred  from  figure  1,  many  of  these  watersheds  are  in 
the  more  mountainous  headwater  streams  where  forests  remain  the  dom- 
inant vegetation.  We  recognize  the  importance  of  these  lands  for 
the  production  of  water.  In  California,  forested  areas  cover  only 
21  percent  of  the  State  yet  yield  70  percent  of  the  water.  The  12 
percent  of  the  State  within  the  forested  snow  zone  is  estimated  to 
yield  50  percent  of  the  water.  Admittedly,  yields  from  California 
forests  may  be  above  average,  but  all  major  rivers  of  the  United 
States  have  headwaters  in  the  forests,  and  more  than  half  the  water- 
flow  of  the  country  originates  in  such  areas.  We  no  longer  claim 
that  forests  produce  water  but  realize  full  well  that  forests  are 
there  because  of  the  climatic  factors — including  higher  precipitation. 
But  we  still  maintain  that  how  we  manage  the  forests,  and  associated 
range  and  alpine  areas,  has  an  important  effect  on  the  characteris- 
tics of  streamflow  and  quality  of  water  produced. 

Although  specific  objectives  of  Forest  Service  watershed  studies 
cover  a wide  range,  they  all  relate  in  some  measure  to  the  effect  of 
various  forest  management  practices  on  yield,  distribution,  or  quality 
of  water  produced.  In  some  areas,  emphasis  is  on  total  yield,  almost 
without  regard  for  timing  or  quality;  in  other  areas,  flood  flows 
and  sedimentation  may  be  most  important;  in  still  others,  minimum 
flows  of  the  year  are  of  most  concern;  or,  perhaps  only  quality  is  of 
prime  importance. 

On  a portion  of  the  experimental  watersheds,  snow  plays  a major  part 
in  the  hydrologic  regime.  Some  watersheds  in  the  high  Sierras,  the 
Rocky  Mountains,  and  in  New  England  are  devoted  primarily  to  snowpack 
research.  Snow  studies  in  California  have  resulted  in  a comprehensive 
set  of  suggestions  for  managing  forests  in  the  snow  zone.  In  Colo- 
rado, Wyoming,  and  Utah,  effort  is  directed  toward  studies  of  the 
accumulation  and  melt  of  alpine  snowfields.  Research  to  induce  drift- 
ing near  snow  fences  has  as  an  objective  extension  of  the  snowmelt 
period  later  into  the  summer  when  yields  are  most  important. 

Since  forest  lands  must  be  managed  for  products  other  than  water,  the 
general  objective  of  Forest  Service  watershed  management  research  is 
to  discover  how  to  maintain  an  adequate  flow  of  good  quality  water  yet 
utilize  the  land  for  economic  output  of  timber,  grazing,  and  recreation. 
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Ins trumentations  on  these  watersheds  differ.  Gaging  station  designs 
are  chosen  to  suit  the  area  and  study  objectives.  In  recent  years, 
there  seems  to  be  a preference  for  the  120°  V-notch  weir,  which  pro- 
vides capacity  without  too  much  sacrifice  of  accuracy  at  low  flows. 
Where  sediment  and  debris  are  problems,  flumes  or  flume  and  V-notch 
combinations  are  used.  The  H-flume  has  been  used  to  handle  light 
sediment  loads  and  yet  give  reasonable  accuracy  at  low  flows. 

Although  most  Forest  Service  stream  gaging  stations  are  installed 
and  maintained  by  our  own  research  personnel,  in  some  areas  this  is 
done  in  cooperation  with  the  United  States  Geological  Survey  or 
other  agencies.  Observations  of  precipitation,  snowpack,  and  other 
climatic  factors  are  handled  in  much  the  same  way.  Almost  without 
exception,  our  men  in  the  field  have  close  working  relations  with  other 
agencies  making  hydrologic  measurement.  I’m  sure  the  exchange  of 
information  is  mutually  beneficial. 

Watersheds  maintained  by  the  Forest  Service  range  in  size  from  less 
than  half  an  acre  to  over  15,000  acres.  Although  the  precipitation 
range  is  from  a low  of  12  to  a high  of  120  inches,  the  great  major- 
ity of  study  areas  receive  25  inches  or  more,  well  within  the  range 
usually  associated  with  forest  cover. 

Results  of  watershed  and  associated  studies  are  reported  in  a wide 
variety  of  publications.  Short  articles  of  timely  interest  are 
often  published  as  a research  note  by  the  Forest  Service  Experiment 
Station  at  which  the  work  was  done.  Longer  manuscripts  with  more 
detailed  information  may  appear  as  research  papers.  Many  reports 
appear  in  the  ever  increasing  number  of  professional  journals. 

Although  summary  results  of  our  studies  are  reported  in  readily 
available  sources,  we  do  not  as  yet  have  a procedure  such  as  the 
Agricultural  Research  Service  "Black  Book"  or  United  States  Geol- 
ogical Survey  "Water  Supply  Papers"  for  publication  of  basic  data. 

Some  of  our  experimental  watersheds  date  back  to  the  30 ’s.  Water- 
sheds are  expensive  tools  of  research,  and  the  question  "Why  more 
watersheds?"  has  been  raised  repeatedly;  yet  our  listing  shows  a 
number  of  recent  installations.  Reinhart  (1963)  in  his  introduction 
to  the  now  famous  "Fernow  Five,"  points  out  that  "though  we  know 
the  general  nature  of  forest  treatment  effects  on  water,  we  have  not 
learned  nearly  enough  to  prescribe  a specific  treatment  to  give  a 
specific  result.  We  do  not  yet  understand  how  to  manipulate  vege- 
tation to  increase  or  reduce  water  flow  by  specific  amounts.  Though 
we  are  better  able  to  recommend  practical  measures  to  reduce  erosion 
and  sedimentation,  we  lack  detailed  knowledge  of  the  fundamental 
relationships  between  land  treatment  and  water  pollution,"  Perhaps 
the  key  to  "Why  more  watersheds?"  is  the  fact  that  we  lack  a really 
adequate  substitute  which  will  integrate  all  the  complexities  of 
climate,  soil,  and  vegetation  characterizing  any  given  watershed. 

Many  of  the  earlier  studies  by  the  Forest  Service  are  already  famil- 
iar to  hydrologists.  With  no  attempt  at  completeness,  I have 
listed  some  of  our  more  recent  findings  below. 
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Water  Yield 


Most  of  our  studies  record  some  increase  in  annual  streamflow  with 
timber  harvest.  In  the  fifth  year  after  commercial  clearcutting  on 
the  Femow  Experimental  Forest,  the  increas^water  yield  was  less 
than  the  first  year  (1.4  inches  vs.  4.4  inches)  but  was  still 
statistically  significant. 

This  is  the  field  in  which  we  become  involved  in  low  rainfall  areas 
and  proposals  to  convert  from  higher  water-using-vegetation  to  that 
making  lower  demands  on  the  water  supply.  Results  are  sometimes  not 
definite,  A 22-acre  watershed  at  the  Coweeta  Hydrologic  Laboratory 
converted  from  hardwood  to  grass  showed  no  increase  in  annual 
streamflow  the  first  3 years.  But  in  the  1963-64  year,  significant 
increases  were  noted  in  each  of  four  3-month  periods.  The  increase 
was  roughly  paralleled  by  decreasing  net  production  of  dry  matter 
by  the  grass  stand.  On  the  San  Dimas  Experimental  Forest,  increased 
water  yield  resulted  from  conversion  of  brush  to  grass  ^ (1)  soils 
were  more  than  3 feet  deep,  (2)  grass  was  maintained  weed  free,  and 
(3)  there  was  more  than  enough  rainfall  to  replace  the  soil-water 
deficit  each  year. 

How  vegetation  is  altered  seems  important.  On  the  248-acre  North 
Fork  of  Workman  Creek  (Arizona) , clearing  80  acres  of  moist-site 
forest  and  replacing  it  with  grass  gave  a 55-percent  increase  in 
water  yield.  Removal  of  45  percent  of  the  basal  area  in  the  South 
Fork  by  individual  tree,  distributed  over  the  entire  watershed,  gave 
no  significant  change. 

Practical  application  of  research  results  are  being  tried  at 
Johnston,  N,  Y.  Plagued  by  recurrent  water  shortages,  the  city  will 
cut  some  of  the  heavily  stocked  stands  in  its  4-  to  5-square-mile 
watershed  as  a temporary  solution, 

I should  point  out  that  increased  water  yield  is  complicated  by 
several  problems:  the  difficulty  of  maintaining  vegetation  as  we 

want  it  and  the  sacrifice  of  quality  for  quantity. 

Water  Quality 

With  few  exceptions,  increased  intensity  of  use  has  resulted  in 
increased  sediment. 

In  the  Lake  States  and  in  the  South,  studies  show  the  decrease  in 
sediment  as  vegetation  changes  from  cultivated  crops  to  pasture  to 
wild  lands.  Sediment  yields  can  be  predicted  from  land  use  which  in 
turn  is  closely  allied  to  soil  and  geologic  conditions. 

On  the  Fraser  Experimental  Forest,  annual  sedimentation  can  be  pre- 
dicted with  reasonable  accuracy  from  annual  peak  discharge.  Indi- 
cations here  are  that  the  primary  erosional  process  is  by  channel 
erosion  (streambank  cutting  and  channel  degradation). 
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In  recent  years,  intensive  management  has  included  the  use  of  pesti- 
cides for  protecting  or  controlling  the  vegetative  cover,  DDT  con- 
tamination of  Coweeta  Creek  was  negligible  after  precise  helicopter 
application  on  insect  infestations  in  upslope  and  ridge  areas.  Over 
1,000  gallons  of  silvicide  (2,4,5-T  in  oil)  applied  in  one  month  on 
two  55-acre  watersheds  in  West  Virginia  left  no  detectable  con- 
tamination (by  "sniff”  test  good  to  0.5  p.p.m,).  Even  when  2,4,5-T 
was  sprayed  on  streambank  vegetation,  only  light  contamination  was 
detected  immediately  after  spraying  and  after  the  first  large  storm, 
and  then  only  within  the  treated  reach — no  contamination  was  found 
downstream . 


Peak  Flows  (Storm  Runoff) 

The  influence  of  forest  land  management  on  storm  runoff  ranges  from 
one  of  extreme  importance  to  almost  none.  The  influence  of  the 
vegetative  cover  is  primarily  a function  of  precipitation  and  soils. 

On  one  extreme,  we  have  areas  of  high  intensity  precipitation  and 
highly  erosive  soils  where  vegetation  largely  governs  the  propor- 
tion of  surface  flow.  The  importance  of  the  forest  soil  in  these 
areas  is  emphasized  by  early  Coweeta  watershed  studies  in  which, 
although  tree  cover  was  completely  removed,  no  increase  in  peak  flow 
resulted  as  long  as  the  forest  soil  remained  unchanged. 

At  the  other  extreme  are  the  forests  of  the  Pacific  Northwest.  Here 
our  major  flood  flows  originate  from  extended  periods  of  low  inten- 
sity precipitation  or  precipitation  plus  snowmelt.  During  these 
storms,  a large  part  of  the  detention  and  retention  capacity  of  soil 
is  filled  and  output  of  storm  runoff  becomes  essentially  a reflection 
of  input  of  precipitation.  Under  these  conditions  forests  apparently 
have  no  measurable  influence  on  peak  flows.  The  recent  storms  of 
Christmas  1964  resulted  in  no  change  in  the  peak  flow  relations  of 
calibrated  watersheds  even  though  approximately  80  percent  of  the 
timber  had  been  cut  on  one  of  the  drainages . 

Other  areas  lie  somewhere  in  between.  Commercial  clearcutting  on  the 
Fernow  Experimental  Forest  increased  storm  runoff,  often  by  high  per- 
centages of  expected  flow.  Volume  increases  ranged  up  to  one-half 
area  inch.  Such  increases  were  largely  the  result  of  decrease  in 
field-moisture  deficiency  rather  than  changes  in  surface  and  subsur- 
face flows. 


Low  Flows 


In  general,  our  watershed  studies  show  an  increase  in  late  summer  flow 
with  the  removal  of  vegetation.  Probably  the  only  exception  to  this 
would  be  the  extreme  condition  in  which  vegetation  removal  resulted  in 
such  a severe  change  in  infiltration  capacity  of  the  soil  that  a large 
part  of  the  precipitation  left  the  area  as  surface  flow,  reducing  the 
subsurface  flow  that  normally  sustains  summer  streamflow. 


Studies  on  the  Fernow  Experimental  Forest  show  an  increase  in  low 
summer  flow  roughly  proportional  to  the  increase  in  percent  of  forest 
cover  removed.  Recent  results  from  our  studies  in  the  Pacific  North- 
west also  show  this  proportional  increase  with  removal  of  forest 
cover . 


Economics 


The  economics 
considered  in 
mated  cost  of 
duction  lost) 


of  management  of  forests  for  water  production  has  been 
only  a few  cases.  In  the  Fernow  studies,  the  esti- 
increasing  yield  of  water  (silvicide  plus  timber  pro- 
averaged  about  $0.04  for  each  additional  1,000  gallons. 


Techniques 

Among  our  personnel  are  some  who  are  always  looking  for  better  ways 
of  carrying  out  their  research.  Among  other  innovations  are 
f iberglassed-plywood , trapezoidal  flumes  and  an  inexpensive  vinyl- 
lined  weir  for  small  watershed  studies.  Multivariate  analysis  of 
streamflow  and  sediment  data  promises  to  be  a useful  tool  of  the 
future.  And  radioactive  isotopes  are  being  used  to  characterize 
the  hydrologic  performance  of  mountain  snowpacks. 


Precipitation  Studies 

Precipitation  measurements,  basic  to  watershed  studies,  have 
received  considerable  attention  in  the  past.  But  still  we  are 
evaluating  rain  gage  networks  and  methods  for  determining  average 
watershed  precipitation. 


In  the  mountains,  snow  fences  have  become  a tool  of  watershed  man- 
agement . In  Colorado  10-foot-tall  snow  fences  increased  maximum 
snow  depth  an  average  of  2 feet  over  a distance  of  300  feet  in 
mid-May  in  one  area;  5 to  6 feet  for  a distance  of  190  feet  in 
another.  Even  in  a poor  snow  year,  an  extra  acre-foot  of  water  was 
available  for  streamflow  on  July  1,  1963,  for  each  70  feet  of 
fencing . 

Recent  analysis  of  snowmelt  characteristics,  in  western  white  pine 
forests,  indicates  that  the  density  of  the  forest  canopy — hence  by 
inference  the  effect  of  timber  cutting — explains  more  snowmelt  vari- 
ance than  any  other  factor. 

This  brief  review  of  watershed  and  associated  studies  being  con- 
ducted by  the  Forest  Service  gives  some  idea  of  their  range,  geo- 
graphically, climatically,  and  by  objective.  Though  watersheds  are 
a crude  tool,  it  looks  like  they  will  be  valuable,  for  many  years 
to  come,  in  extending  our  inadequate  knowledge  of  how  to  manipulate 
vegetation  to  obtain  desired  flow  of  water. 
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